INTRODUCTION
The January 24, 1986, flyby of Voyager 2 past Uranus [Stone and Miner, 1986 ] revealed a complex magnetosphere with an intense and highly energetic population of trapped charged particles. Energetic electrons at energies below 10 2 keV were detected immediately after crossing the inbound magnetopause by the Low Energy Charged Particle (LECP) [Krimigis et al., 1986 ] and the Cosmic Ray System (CRS) experiments; these electrons were also found by LECP at significant flux levels in the magnetotail neutral sheet after the flyby. Inward from the magnetopause, LECP and CRS found increasing intensities and energies in the trapped electron population which showed strong modulation by satellite sweeping at energies above 10 2 keV. CRS found the error of AL --• 0.01, while the observed displacements are more than an order of magnitude larger than that difference.
The satellite interaction with the trapped electrons can be used to probe the nature and dynamics of sources and radial transport mechanisms which may have characteristic signatures in electron populations observed within or near the satellite sweeping regions. The fact that finite fluxes are observed in swept regions is imm_ ediately indicative of active radial transport processes and/or distributed sources. The radial extent and similarity in different satellite regions of the observed macrosignatures are strongly suggestive of near steady state conditions which produce these features as the results of time-averaged sources, radial transport, and sweeping losses.
The satellite sweeping process can be well understood in terms of available theoretical models Paonessa and Cheng, 1987; Cooper, 1990 ], but no evidence is found of correlation with theoretical loss rate profiles for single sweeping episodes. Indeed, we examine the one case (Umbriel's outbound macrosignature) where a narrow but deep "microsignature" was expected in the absence of diffusion, but not found, and thereby determine a local lower limit for the radial diffusion coefficient. This limit is in agreement with macrosignature-derived diffusion coefficients estimated from the macrosignature dimensions and characteristic time scales for satellite sweeping. Our anisotropy analysis reveals large radial variations in pitch angle distributions which are characterized by more isotropic distributions within the macrosignatures. These variations may be signatures of specific source or transport processes; a specific example is the magnetospheric recirculation process [Nishida, 1976; Fujimoro and Nishida, 1990a, b] , which invokes conventional adiabatic diffusion for inward diffusion and acceleration, pitch angle scattering, and nonadiabatic transport at low altitudes to provide a "return current" of energized electrons to the outer magnetosphere without energy loss. Recently reported observations in the Earth's magnetosphere [Baker et at., 1989] The pitch angle anisotropies may also be used, in conjunction with power law scaling for electron energy spectra, to calculate phase space density profiles for the satellite regions, where these profiles allow differentiation between effects purely due to radial gradients (i.e., intensity minimum is not a density minimum) and physical effects of active source and/or transport processes. Initial analysis of phase space densities indicated that the high fluxes of MeV electrons in the innermost magnetosphere probed by Voyager 2 could be explained by inward diffusion and acceleration of electrons from the low-energy reservoir in the outer magnetosphere, but this analysis did not address local variations within macrosignatures. The LECP analysis shows a generally positive radial density gradient at sub-MeV energies but finds significant gradient reversals within the satellite sweeping regions, where local density minima are suggestive of additional sources within the inner magnetosphere. Since even larger deviations are found at MeV energies in the present work, the responsible processes apparently become even more significant at higher energies in comparison to effects of conventional inward diffusion and acceleration. Further quantitative data analysis and modeling of such processes will be subjects of future work [Selesnick and Stone, 1991] .
ENCOUNTER GEOMETRY IN MAGNETIC COORDINATES

Magnetic Field Models
The complex magnetic geometry of satellite sweeping at Uranus requires accurate modeling of the planetary magnetic field for meaningful interpretation of the energetic trapped particle observations. Ness et at. [1986] initially defined the first model (OTD) for the planetary magnetic field of Uranus in terms of a simple magnetic dipole tilted at 60 ø with respect to the rotational axis of Uranus and offset by 0.31 Rv (1 Rv = 25,600 km) from the planet center. Subsequent analysis of the Voyager magnetometer data by Connerney et at. [1987] and Acura et at. [1988] found an improved fit to a planet-centered model (Q3) with dipole and quadrupole terms, the latter being approximately equivalent at large distances from Uranus to offsets of the dipole by 0.31 R t/along the rotational axis (i.e., same as OTD) and by 0.15 R v in the equatorial plane perpendicular to that axis. Acut•a et at. [1988] have calculated drift shell positions from Q3 which are used in this work to determine magnetic coordinates of observed and predicted electron features. Whenever we require precise locations in magnetic coordinates, we utilize the Q3 model results; otherwise, the OTD drift shells are used in theoretical (and usually illustrative) calculations of satellite orbits and sweeping rates. In some cases (e.g., sweeping rates) the OTD-derived quantities may be rescaled to the most appropriate Lmi n value from Q3 so that reasonable accuracy is assured.
Spacecraft and Satellite Coordinates
The improvement provided over OTD by the Q3 model in determination of spacecraft trajectory in magnetic coordinates is evident in Figure 1 , where the calculated time profile of the spacecraft's local position with respect to the drift shell parameter L shows divergences AL _< 1 between the Q3 and OTD models. The time-dependent positions in L of the satellites Miranda, Ariel, and Umbriel are also shown from Q3 in the same time period. The large dipole tilt is particularly evident in the periodic excursions of the satellite positions in a broad region at L -> L mi n.
The Q3 model allows accurate calculation of drift shell locations for correlation with localized trapped particle features, while OTD facilitates tractable numerical calculations of longitudinally averaged parameters for satellite sweeping [cf. Paonessa and Cheng, 1987; Cooper, 1990] .
The relation between the two models is further shown in in the Uranographic equatorial plane of the equivalent dipole center for Q3; the magnetic orbit is closer to the Uranographic center at some longitudes than at others. The magnitude of the equatorial offset affects the range of variation in L mi n with respect to the OTD value for each satellite. Since the satellite orbit crosses the plane of the OTD equator twice, approximately at the same distance from the dipole center, the OTD minimum L of each satellite is uniquely defined by Lmi n = (a 2 + Zo 2) 1/2, where a is the semimajor radius of the satellite orbit and z0 is the OTD offset on the Uranographic rotational axis (both in units of R u). The OTD Lmi n values for Miranda, Ariel, and Umbriel are 5.083, 7.463, and 10.39, respectively.
In contrast, the 0.15-R s equatorial offset in Q3 produces a bimodal dispersion AL ---_+0.15 in the minimum-L values for alternate crossings of the minimum-B equator at different Uranographic longitudes. Table 1 In the absence of strong sweeping effects, the correlation of maximum intensity with minimum L of Voyager 2 is expected from the inward diffusion and acceleration of energetic electrons which increase the integral intensities of accelerated electrons above fixed energy thresholds as L decreases. The fact that maximum intensity was observed 7 min after reaching the Q3 minimum L is consistent with an expected latitudinal gradient (see section 5). However, the L value at the flux maximum is only 0.01 greater than that at minimum L. This observation provides a one-point test of Q3 values for L which were calculated with the approximation that drift shell splitting is negligible [Acufia et al., 1988] . Since the effects of high-order field components decline at larger distances from Uranus, we assume that the accuracy of drift shell positions calculated from Q3 is better than AL --• 0.01 in the macrosignature regions where we localize positions of intensity minima in L.
CRS Response to Pitch Angle Distributions
The nature of trapped particle distributions is such that local fluxes vary in a predictable fashion as a function of In interpreting time profiles for CRS counting rates it is of interest to know when directional response may become significant. In this case a highly directional sensor would respond to the directional flux j(L, B, a). Figure 3 shows time profiles of local pitch angles in OTD and Q3 coordinates for the pointing directions of symmetry axes for three CRS sensor heads used in the present analysis: the electron telescope (TET), high-energy telescope I (HET-I), and highenergy telescope II (HET-II) (see the appendix). The irregularity in the inbound profiles may be attributed in part to several spacecraft roll maneuvers (see Figure 4) . The OTD and Q3 profiles for each sensor differ by less than 10 ø, a negligible difference in view of the wide-angle responses (see section 5). Note that the differences are least outbound, when the differences in OTD and Q3 L values of Voyager 2 (see Figure 1) are also minimal. Since such differences are insignificant with respect to other uncertainties in our anisotropy analysis (e.g., the parameterization of the pitch angle distributions with respect to two-point measurements on each drift shell), we follow the LECP authors in using OTD pitch angles for the present anisotropy analysis in section 5. Table 1 , and the differences in hours from the spacecraft times are shown above the minimum-L arrows. These time differences provide a measure of the signature "ages" since the times of recent absorption. Our estimates of the approximate times for detection of intensity minima are also marked by arrows. The high electron intensities in the Miranda signatures provide the only opportunity for study of the dependence of signature shapes on electron energies in the CRS energy range. The various integral count data (see Table A1 energy channels, but these are probably due to stronger dependence of sweeping on gyroradius for protons than for electrons . Because of these energy dependences, it is not possible to attribute the observed displacements to errors in the Q3 magnetic field model. On the other hand, the displacement effect prevents more precise tests of field models with respect to locations of signature minima than that already discussed by Stone et al. [1986] . These locations were sensitive mainly to the direction and degree of tilt for the magnetic dipole axis and did not place significant constraints on higher-order, quadrupole terms in the Q3 model [Acutia et al., 1988] . A more stringent test of consistency with Q3 is provided by the location of the electron intensity maximum near closest approach in L to Uranus (see section 2).
PITCH ANGLE ANISOTROPY
Measurement Approach
The inbound-outbound differences in the radial profiles of the macrosignatures can be used to estimate local indices (n) for pancake-type distributions (see section 2), but the estimated values depend on assumptions about the directionality of the detector response. In general, the true anisotropies fall in the range between those estimated for a detector measuring the omnidirectional flux J(L, B) and for a highly direct;onal one measuringj (L, B, a) . The response of a real detector involves an integration of the incident electron distributions over a finite range of angles 0 and gives an observed integral intensity J (L, B, a) • g(a, n) The macrosignatures would be affected differently for observations at low and high magnetic latitudes by the orbital geometry. Near the magnetic equator, fB increases rapidly with L/Lmi n and should strongly affect the macrosignature profile. At higher magnetic latitudes all electrons mirror above the satellite orbit over increasingly wide regions, wherein fa ---1 is constant. The effect of more isotropic distributions is also to increase the radial zone of potentially strong absorption and weaken the fa dependence. However, the observed radial widths of the macrosignatures show only weak variations with latitude, and the effects of electron sources or diffusion may be more important.
ELECTRON SOURCES AND DIFFUSION
The Table 2 , may not be the same as those more correctly calculated from phase space densities, it is obvious from the radial intensity profiles that widths of regions visibly affected by sweeping are roughly approximated by the listed dimensions, which differ by less than a factor of 2 between Miranda and Umbriel. Using the relatively broad dimensions of the diffusive profile, as recommended by Thomsen et al. [1977] in regard to Io, ensures that the estimated values of DLL are minimally affected by time-dependent effects of episodic sweeping.
We further assume that the average sweeping time Tss at the intensity minimum, also listed in Table 2, On the other hand, we have also graphically demonstrated that measured positions of minimum electron intensity are close to, but not coincident with, the minimum-L positions of satellites, where their sweeping rates are maximal. Electron absorption by the Uranian satellites, particularly at energies above a few hundred keV, occurs over finite radial zones and is not localized at minimum L. Although the observed displacements of intensity minima from the minimum L are indicative of effects from diffusion and/or distributed electron sources, these displacements are energy dependent and cannot directly constrain magnetic field models beyond the level already achieved in the preliminary CRS analysis by Stone et al. [1986] .
The 1986 encounter with Uranus has given us a brief but informative "snapshot" of an energetic electron population which shows strong effects of satellite sweeping at higher energies in the unique tilted field geometry of the planetary magnetosphere. The deconvolution of various effects due to field geometry, sources, sweeping, and diffusion at Uranus will be difficult but challenging. Although much of the magnetospheric physics at Uranus is necessarily similar to that at Earth, satellite sweeping and macrosignature formation provide unique probes of magnetospheric dynamics and new insights into the general physics of planetary magnetospheres. were excluded from analysis to prevent excessive analysis dead time in the event of high shield event rates. The cycling and rate sampling frequencies were kept at the same level throughout the encounter, primarily because we could not anticipate the morphology of an unknown magnetosphere. The highest time resolution was provided by the TAN counting rate and by B2L (HET-II), these rates being continuously accumulated at 6-s intervals. The D1L, D1H, and other singles rates were sampled every 96 s in 6-s accumulation intervals, but the HET-I gain cycling produced lower sampling frequencies for some rates. Large gaps in B2H (HET-I) coverage relative to B2L resulted, for example, from 3.2-min intervals when HET-I was in low-gain mode. The steplike appearances of some consecutive 6-s counts (see Figure 6 ) were due to digitization error in eight-bit rate accumulators which prevent resolution of fractional changes smaller than 0.004.
Thresholds and Geometry Factors
Because of high electron intensities at Uranus and large accidental coincidence rates in the CRS telescopes, the CRS electron analysis was limited to counting rates and pulse height data from single detectors. The nominal threshold energies and geometric factors for electron counting in each detector are listed in Table A1 The nominal response parameters in Table A1 may not characterize the true response for those detectors with The corresponding energy thresholds in these cases would depend on the external shielding configurations at the larger incidence angles. If the energy spectra of the incident electrons happen to fall off so rapidly with energy that relatively few electrons are incident at energies above the nominal threshold, the detector response could become dominated by pulse pileup from multiple electrons at energies in the range E ew to E es. Although these more complex response factors require further study, we will refer to the nominal parameters for the present work.
Electron-Proton Discrimination
The relative sensitivity of single CRS detectors to electrons and protons may be assessed in part from the data in Table A1 , where we have also tabulated the proton energy thresholds computed from the same external shielding parameters as were used to calculate the nominal electron thresholds. The thresholds are generally much smaller for electrons, which would then dominate the response of each detector for incident particle spectra falling off rapidly at MeV energies, even if the electron and proton fluxes at the same energy were comparable. The pairs of low and high electronic thresholds for the same detectors provide the best available test for the presence of a higher-energy proton component. The increases in the electronic threshold greatly change the electron thresholds but have little effect on those for protons. For example, the D1 threshold increases from 1.1 to 3. protons at higher energies in this region. In comparison the dead-time-corrected counting rates for MeV electrons from CRS differ by no more than 1 order of magnitude inbound and outbound in the same region, so significant contributions to the nominal electron profiles from protons at much higher energies are improbable.
Linearity of Counting Rates
The highest counting rate levels were registered by CRS inside the orbit of Miranda and provided an opportunity to test the nonlinear response of the CRS counting electronics under extreme conditions. In Figure A1 the following counting rates are shown for the period 1730-1930 SCET from three D1 discriminators: D1L, D1H, and TAN. The first two respond to energy deposits above 0.5 and 2.5 MeV, respectively, while the third triggers pulse height analysis for D1L events with no D1H trigger (i.e., TAN events satisfy the logic condition D1L.D1H).
The D1L rate saturates at •5 x 104 counts per second 
